The outer membrane of Neisseria gonorrhoeae contains a class of proteins called opacity (Opa) proteins because of their contribution to colony opacity during growth of the bacteria on agar plates (26) . A single gonococcal strain may contain up to 11 opa genes, each with its own promoter. Changes in the repetitive sequence within the various opa loci result in variable expression of the different members of the Opa protein family, resulting in expression of none, one, or more than one Opa protein in a single bacterium (25) . Opa protein variation occurs during experimental infection in human male volunteers (11, 27) , and Opa expression has been found to promote gonococcal adherence to epithelial cells (3, 36) and to enhance resistance against complement-mediated killing (5) . One particular Opa protein (OpaA in strain MS11) promotes bacterial adhesion and entry into epithelial cells via binding to cell surface proteoglycans (7, 18, 32) . Other Opa proteins promote gonococcal interactions with polymorphonuclear leukocytes (PMNs) (1, 9, 16, 33) , which has prompted the suggestion that Opa protein variation may account for the cell tropism displayed by gonococci (16) .
Recently, carcinoembryonic antigen (CEA)-like molecules were implicated as receptors for gonococcal and meningococcal Opa proteins. Some Opa proteins recognize CEA gene family member 1a (CGM1a) transfected and expressed in HeLa cells. Since CGM1a is solely expressed on PMNs, these findings suggest that CGM1a can serve as a receptor for gonococcal Opa proteins on PMNs (6) . Biliary glycoprotein (BGP or CD66a) can also function as a receptor for neisserial Opa proteins, as shown by the specific binding of soluble chimeric BGPa molecules to Opa proteins (35) and by the inhibiting effects of a CD66 antibody on the recognition of Opa ϩ Neisseria by epithelial cells and PMNs (34) .
The CEA family consists of a number of highly homologous glycoproteins (for reviews, see references 19, 29, and 30) . This family can be subdivided into the CEA and pregnancy-specific glycoprotein subgroups. The CEA subgroup members are membrane-bound through a glycosyl phosphatidylinositol anchor or are transmembrane proteins, whereas pregnancy-specific glycoprotein molecules are secreted from the cell. Five of the seven members of the CEA subgroup have been shown to carry CD66 epitopes and are therefore also known as CD66a to CD66e. The CEA subgroup includes the following: (i) CEA also known as CD66e, which is found in epithelia of the gastrointestinal tract, lungs and testes and in high levels in a variety of carcinomas; (ii) nonspecific cross-reacting antigen (NCA), or CD66c, which is often coexpressed with CEA; (iii) BGP, or CD66a, which is found in epithelial, endothelial, and myeloid cells in a wide range of normal human tissues (22) ; (iv) CGM1, or CD66d; and (v) CGM6, or CD66b. All these subgroup members, except CEA, are expressed by PMNs. The CEA gene family belongs to the immunoglobulin (Ig) superfamily. All known members have one N-terminal domain (Ndomain), which corresponds to the variable region of Ig, but without the cysteines and from zero (CGM1) to six (CEA) constant (C2-type) Ig-like domains. The N-domains within the CEA subgroup share high sequence similarity (80 to 95%) (30) . The functions of these molecules in vivo are still unclear, but some subgroup members (CEA, NCA, CGM6, and BGP) act in vitro as cell adhesion molecules, mediating homophilic and heterophilic interactions. Both CEA and NCA recognize Escherichia coli expressing type I fimbriae, suggesting a role for these molecules as E. coli receptors on colonic mucosa and on PMNs (17, 24) .
Since the CEA family contains multiple members and Opa proteins are expressed from 11 different genes, we hypothesized that Opa protein variation may serve to respond to the existing heterogeneity among different members of the CEA family. Accordingly, in the present study, we examined the interactions of different Opa variants of gonococcal strain MS11 with HeLa cells transfected with different members of the CEA family. Our results demonstrate a clear relationship between the expression of certain Opa proteins and the ability of the bacteria to interact with different CEA family members. These data indicate that Opa protein variation contributes to cell tropism by providing the appropriate ligands for various CEA family members that may be encountered during infection.
MATERIALS AND METHODS
Bacterial strains. N. gonorrhoeae MS11 variants were propagated on gonococcal clear typing agar (26) . Variants expressing chromosomally encoded Opa proteins were all from strain MS11 mk (27) . Opa nomenclature refers to that used by Swanson et al. (27) . Recombinant Opa proteins were expressed in strain MS11 and were a generous gift of T. F. Meyer Max-Planck-Institut für Biologie, Tübingen, Germany). Kupsch et al. (16) compared the different existing MS11 Opa protein nomenclatures. However, opa loci A to K and Opa proteins A to K were not correctly matched in their scheme, and we have therefore made a revision shown in Table 1 . All comparisons in the present study were made according to Table 1 . Opa protein expression was verified by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting of whole-cell lysates followed by detection with anti-Opa antibody 4B12 (gift of Milan Blake) as previously described (5, 27) . Experimental data were included only if immunoblotting of the lysates of the bacterial suspensions used produced a single Opa protein band of the appropriate molecular weight as an indication of the homogeneity of the suspensions. In practice, homogeneous suspensions were obtained in 99% of the experiments. All variants expressed the lactoneotetraose-containing lipooligosaccharide b (LOSb), as determined by tricine SDS-PAGE (5). Only nonpiliated bacteria were used.
Cell culture. HeLa-Neo, -CGM1a, -CGM6, -CEA, and -NCA transfectants were described previously (2, 8, 20) . The HeLa-BGPa transfectant was generated by cloning a full-length BGPa cDNA into the pRc-CMV vector, and transfection was performed as described previously (20) . The HeLa transfectants were cultured in RPMI 1640 medium (Gibco-BRL, Gaithersburg, Md.) supplemented with 5% fetal calf serum (FCS) (Gibco, Logan, Utah) and 0.75 mg of geneticin (Boehringer Mannheim, Indianapolis, Ind.) per ml. The Chinese hamster ovary cell (CHO)-BGPa transfectant and its parent, the LR-73 line of CHO cells, were kindly provided by C. P. Stanners (McGill Cancer Centre, Montreal, Quebec, Canada). These cells were cultured in RPMI 1640 plus 5% FCS (geneticin [0.4 mg/ml] was added to this medium only for the LR-BGPa transfectant).
Infection assay. Cells were grown for 2 days to near-confluency on 12-mmdiameter circular glass coverslips in 24-well tissue culture plates in 1-ml portions of RPMI 1640 medium with 5% FCS, resulting in approximately 2 ϫ 10 5 cells per coverslip. At the start of the infection assay, medium was replaced by 1 ml of HEPES buffer (10 mM HEPES, 145 mM NaCl, 5 mM KCl, 0.5 mM MgCl 2 , 1 mM CaCl 2 , and 5 mM glucose; pH 7.4). Bacteria were grown for 2.5 h at 37°C in 10-ml portions of HEPES buffer enriched with 1.5% Proteose Peptone no. 3 (Difco, Detroit, Mich.) in 50-ml plastic centrifuge tubes in a gyratory shaker. Bacterial suspensions were spun down for 6 min at 2,500 ϫ g; pellets were resuspended in 1-ml portions of HEPES buffer, and optical density was measured at 550 nm. From this suspension a sample was taken for immunoblotting of Opa proteins. Cells were infected with 1.5 ϫ 10 7 bacteria per coverslip for 3 h at 37°C and 5% CO 2 . Thereafter the cells were washed three times with phosphate-buffered saline (PBS) to remove nonadherent bacteria and finally fixed with 2% paraformaldehyde (PFA) in PBS for at least 30 min. Extracellular bacteria were visualized by immunogold-silver staining as described by van Putten (31) . Briefly, fixed cells were incubated with an anti-LOSb antibody, which was raised in our laboratory (7), in PBS for 30 min. After the coverslips were washed, they were incubated with gold-labelled protein A for 30 min and then stained with silver. Intracellular bacteria and cells were visualized by staining in 0.005% crystal violet. Numbers of intra-and extracellular bacteria were determined for at least 50 cells per coverslip by light microscopy. In the case of the HeLa-BGPa transfectant which expressed BGPa in about 50% of the cells, only cells that were associated with at least five bacteria were evaluated (see Results). When appropriate, heparinase III (180 mU/ml) (Sigma, St. Louis, Mo.) was added 1 h prior to infection; heparin (sodium salt, 171 U/mg) (ICN, Costa Mesa, Calif.) was added 5 min prior to infection.
Immunofluorescence. For verifying CEA-related antigen expression by the transfectants, cells on coverslips were incubated with 2 g of antibody per coverslip in 75 l of PBS plus 3% FCS for 1 h. Antibody binding was visualized with a 1:200 dilution of Texas red-conjugated goat anti-mouse IgG (GAM) (Molecular Probes, Eugene, Oreg.) in PBS plus 3% FCS whereafter cells were fixed in 2% PFA in PBS. Antibodies used were 26/3/13 (for CEA), 9A6 (for NCA), and 4/3/17 (for BGPa). COL-1 antibody, kindly provided by J. Schlom (National Cancer Institute, National Institutes of Health, Bethesda, Md.), was used to monitor CGM1a expression and 80H3 (Immunotech, Westbrook, Me.) for CGM6. Specificities of these antibodies were described previously (8, 10) . When localization of both CEA-related antigen and bacteria was studied, cells were fixed for 30 min in 2% PFA after various time periods of infection and labelled for the CEA-related antigen as described above. We found some antibodies to be less reactive with PFA-fixed cells, and therefore, we used in the colocalization experiments antibody 4/3/17 for BGPa visualization and antibody D14HD11, which recognizes CD66a, -c, -d, and -e (10) for the other transfectants. After labelling for the CEA-related antigen, the cells were incubated with anti-LOSb antibody and successively in 1:200 fluorescein isothiocyanate (FITC)-conjugated GAM (Sigma). To visualize intracellular antigens, cells were made permeable with 0.5% Triton X-100 in PBS for 20 min prior to antibody incubations. Cells were examined under a Nikon Microphot-SA microscope with an epifluorescence attachment.
RESULTS

Recognition of Opa variants by HeLa-Neo and HeLa-CGM6
transfectants. In order to examine the interactions of the different Opa proteins with the members of the CEA family, we used variants of gonococcal strain MS11 expressing different members of the Opa protein family to infect HeLa cells that were transfected with members of the CEA family. Since some Opa proteins have previously been shown to interact with cells via heparan sulfate proteoglycans, we first determined adherence and entry of Opa variants into HeLa-Neo cells, which were transfected with the neomycin resistance marker only. As illustrated in Fig. 1A , these CEA-negative cells bound gonococci expressing OpaA, -C, -F, and -H. Only OpaA ϩ bacteria were found intracellularly, consistent with results obtained in several other epithelial cell types (7, 16, 18, 32) . The association of OpaA
, and -H ϩ gonococci with HeLa-Neo cells was greatly diminished by heparin or heparitinase treatment (see Fig. 2A ), suggesting that they were all recognized by cell surface heparan sulfate proteoglycans, as was reported previously for the recognition of OpaA ϩ bacteria (32) . HeLa transfectants expressing CGM6 showed a pattern of interaction with gonococci similar to that of the HeLa-Neo cells (Fig. 1B) , and these interactions were all inhibitable by heparin (data not shown). To ascertain that the CGM6 cells were expressing this particular antigen, we stained these cells with 80H3 (anti-CGM6 antibody) and FITC-conjugated GAM and found intense punctate staining which was absent in control cells (see Fig. 3A ). Thus, CGM6 does not appear to serve as a receptor for gonococci. Opa variants, and intra-and extracellular numbers of bacteria were determined as described in Materials and Methods. Values represent the means Ϯ standard errors for three to seven independent experiments. GC, gonococci; Ϫ, no Opa.
Interactions of Opa variants with
VOL. 65, 1997 CEA FAMILY RECOGNITION BY GONOCOCCAL Opa VARIANTS 2355 gonococci were found (Fig. 1C) . Opa Ϫ and OpaD ϩ bacteria were not recognized by the NCA transfectant. This particular pattern of interaction between Opa variants and NCA cells was very similar to the pattern observed with HeLa cells expressing CGM1a (Fig. 1D ). These data suggest that OpaB ϩ , OpaI ϩ , and possibly OpaC ϩ bacteria are specifically recognized by NCA and CGM1a. Interestingly, the entry of these Opa variants was significantly higher in the CGM1a cells than in the NCA cells (compare the black bars in Fig. 1C and D) .
The finding that OpaC ϩ bacteria were able to enter CGM1a and NCA cells but not HeLa-Neo cells suggested that OpaC ϩ gonococci may recognize these two CEA family members in addition to their recognition of heparan sulfate-containing proteoglycans present on the surfaces of HeLa cells. In order to distinguish the two recognition mechanisms, we infected cells in the presence of heparin to inhibit proteoglycan-mediated interactions. In addition, we treated the cells with heparitinase prior to infection to specifically remove heparan sulfates from the cell surface to exclude the possibility that binding of heparin to the bacteria influences the interaction with the CEA-like molecules. As mentioned previously, the presence of heparin or heparitinase treatment of HeLa-Neo cells prevented entry and inhibited adherence of OpaA ϩ bacteria and the adherence of bacteria expressing OpaC, -F, and -H was greatly diminished (Fig. 2A) . Similar experiments performed with the HeLa-CGM1a cells (Fig. 2B) Interaction of Opa variants with HeLa-CEA and HeLaBGPa. Infection of HeLa cells transfected with CEA showed that all gonococcal variants that expressed an Opa protein adhered to and were internalized by these cells (Fig. 1E) . The presence of heparin during infection of CEA cells with OpaC ϩ , OpaF ϩ , and OpaH ϩ gonococci had no significant effect on internalization of these bacteria (data not shown), indicating that these variants were specifically recognized by CEA. The uptake and adherence of the OpaA ϩ variant, however, was effectively blocked by heparin treatment, suggesting that this variant is not recognized by CEA. Thus, while NCA and CGM1a cells clearly discriminated between Opa variants, CEA transfectants showed much less Opa specificity.
Infection of HeLa-BGPa cells resulted in a heterogeneous pattern of bacterial association with the cells; i.e., only approximately 50% of the cells interacted with Opa variants, except for OpaA (Fig. 3B) . When infected cells were stained for both associated bacteria and BGPa, only the cells that expressed BGPa contained significant numbers of associated bacteria ( Fig. 3C and  D) . Therefore, in the case of the HeLa-BGPa transfectant, we evaluated only the cells that were associated with at least five bacteria. We found that HeLa-BGPa transfectants bound and internalized all Opa ϩ variants and moreover, they also bound the Opa-negative gonococci in high numbers, although entry of the Opa Ϫ variant was minimal (Fig. 1F) . Uptake of gonococci expressing OpaC, -F, or -H was not altered when heparin was present during the infection assay, indicating that these variants were recognized by BGPa. In contrast, no intracellular bacteria were found and the numbers of adherent bacteria were diminished when heparin was present during infection of HeLa-BGPa with OpaA ϩ gonococci (data not shown). In order to further confirm the finding that BGPa recognizes gonococcal variants regardless of their Opa expression, we performed infection experiments with CHO cells that had been transfected with BGPa (23) . The results of these experiments, depicted in Fig. 4 , clearly show that BGPa, in a completely different cellular background, also recognized gonococci in a non-Opa-dependent manner. Together, these data suggest that either BGPa recognizes a component of gonococci that is not an Opa protein or that the expression of BGPa results in additional changes in the plasma membrane of the cell resulting in recognition of Opa Ϫ bacteria. Recognition of CEA family members by rOpa protein variants. All Opa ϩ variants used in the experiments described above arose spontaneously from an Opa-negative parent and represent 7 of the 11 possible Opa variants in MS11. The other four Opa proteins, i.e., OpaE, -G, -J, and -K, are not readily expressed by MS11 gonococci in vitro. Thus, in order to further
FIG. 2. Effects of heparin and heparitinase treatment on interactions of
HeLa-Neo (A) and HeLa-CGM1a (B) cells with Opa variants. Heparin (hp) (30 g/ml) was added 5 min prior to infection, and heparitinase (ht) (180 mU/ml) was added 60 min prior to infection. Values represent means Ϯ standard errors for three independent experiments. GC, gonococci; Ϫ, control. define the interactions of the complete repertoire of Opa proteins with CEA family members, we repeated the infection experiments with the various transfectants using a set of gonococcal variants that each expressed a genetically defined Opa protein from the pTETm plasmid (16) . We matched the different Opa protein nomenclatures as shown in Table 1 . The Opa variants that were available in both a natural and recombinant form exhibited the same recognition patterns to the different transfectants irrespective of their expression locus (data not shown). For clarity, only those variants that could not be tested in a naturally expressed form are discussed below. HeLa-Neo and HeLa-CGM6 cells did not interact with recombinant (r) OpaE (Fig. 5A) . Thus, these experiments identified an additional Opa variant, OpaG, that recognized NCA-and CGM1a-transfected cells.
The CEA transfectants bound and internalized all rOpa variants except the rOpaK ϩ bacteria, which were bound only in low numbers. The BGPa cells interacted, both in terms of binding and uptake, approximately equivalently with gonococci expressing different rOpa proteins, supporting the view that NCA and CGM1a recognition of Opa variants is more restricted than recognition by CEA and BGPa (Fig. 5B) .
Recruitment of CEA-like molecules by gonococci. In order to further substantiate that the gonococcal interactions with the transfected cells were mediated by the various members of the CEA family and not by concurrent changes in the plasma membrane, we used immunofluorescence to detect possible changes in the distribution of CEA-like molecules during infection. For this purpose, transfectants were infected for 1 h with OpaA ϩ or OpaI ϩ variants, fixed, made permeable, and stained with the appropriate anti-CEA antibody and Texas red-conjugated GAM. Thereafter, cells were stained with an anti-LOS antibody and FITC-conjugated GAM to visualize the bacteria. In Fig. 6A and B, the staining pattern of a culture of HeLa-CGM1a cells infected with OpaA ϩ gonococci is shown. No change in staining pattern for CGM1a was found for these infected cells when compared to an noninfected culture (compare Fig. 6A and E) . OpaA ϩ bacteria were present in considerable numbers, as shown in Fig. 6B . However, a striking change in CGM1a distribution is seen upon infection with the OpaI ϩ variant (Fig. 6C) , resulting in footprint-like appearances of the CGM1a antigen that followed the outline of the bacteria. Similar results were found for the CEA, NCA, and BGPa HeLa transfectants. Thus, these data indicate that an Opa-specific recruitment of CEA-like molecules occurred, strongly suggestive of a specific interaction between the Opa variant and the CEA family members. 
DISCUSSION
In the current study we show that Opa protein variants of gonococcal strain MS11 interact differentially with HeLa cells expressing five members of the CEA family, as summarized in Table 2 . Based on the data from infection assays performed with and without heparin, we conclude that OpaB
and -I ϩ variants recognize specifically both CGM1a and NCA and that CEA and BGPa interact with all Opa ϩ variants, except OpaA ϩ gonococci. Moreover, BGPa is also recognized by Opa-negative bacteria. In contrast, CGM6 does not interact with any Opa variant. The involvement of the CEA family members in gonococcal adherence and uptake was further substantiated by the observation that the CEA-related antigens were redistributed upon infection of the HeLa transfectants with Opa variants. Furthermore, by using epithelial cells that carry the cell surface proteoglycan receptor for OpaA ϩ bacteria, we were able to identify additional Opa variants (OpaC-, OpaF-, and OpaH-expressing gonococci) that interact with this, or a similar type of receptor.
CGM6 stands out among the CEA family members studied in that it does not specifically recognize any Opa variant, although the CGM6 transfectants express high numbers of CGMb molecules (165,000 per cell as determined by Scatchard analysis [unpublished observation]). Neither are the cells generally defective in bacterial recognition, since they do recognize the same Opa variants as the HeLa-Neo cells. CGM6 is also unique among the CEA family members involved in cell adhesion activities in that it shows heterophilic binding only to NCA and no homophilic adhesion (21) . The N-domains of the CEA-like molecules are involved in these adhesion events (28, 38) . The Opa recognition site in these molecules appears to be present also in the N-domain, as shown for BGP (35) . This is supported by the observation that Opa variants are recognized by CGM1a, which contains an N-domain only extracellularly (6) . Sequence comparison of the N-domains of the various CEA subgroup members reveals that NCA, BGPa, and CGM1a are 89% similar to CEA but that the N-domain of CGM6 is only 71% similar to the CEA N-domain (12) . Interestingly, the amino acid differences are reflected in a different secondary structure. In general, Ig variable domains have two ␤-sheets consisting of antiparallel ␤-strands of 5 to 10 amino acids. The Ig domain is thought to provide a platform for the display of specific determinants for recognition reactions on the faces of the ␤-sheets or at the bends between ␤-strands (37). The CGM6 N-domain sequence reveals that two ␤-strands in CGM6 are different from those of other CEA subgroup members (21) . This may lead to presentation of one or more different recognition domains by CGM6 as compared to CEA which may be crucial for Opa recognition.
The most striking Opa specificity is displayed by the CGM1a and NCA transfectants in recognizing only gonococci expressing OpaB, -C, -G, and -I. The N-domains of CGM1a and NCA are 93% similar, or only 8 amino acids of 108 are different (12) . Apparently, these differences are not crucial for specific Opa recognition. Sequence comparison of the recognized Opa proteins does not reveal a common site in OpaB, -C, -G, and -I that is absent in the other Opa proteins. Even when only the extracellular regions of the Opa proteins are compared, no obvious common motif is present in OpaB, -C, -G, and -I (16). Opa proteins contain four predicted extracellular loops of which two are hypervariable (HV 1 and HV 2 ), one is semivariable (SV), and one is highly conserved. OpaB and OpaG are very similar in their extracellular domains (HV 2 , 100% identi- cal; HV 1 , 89% identical; and SV, 55% identical). OpaI shares identity in the SV and HV 1 regions with OpaB and G (55 to 100%). The different extracellular regions of OpaC do not share more than 40% identity with the comparable extracellular regions of OpaB, -G, and -I. Apparently, a complex structure-function relationship for Opa proteins exists with respect to their recognition of CEA antigens. To further pursue this issue, experiments utilizing gonococci expressing chimeric Opa proteins are in progress.
Both CEA and BGPa are much less restricted in Opa variant recognition than NCA and CGM1a. The BGPa transfectants even recognized Opa Ϫ gonococci. Studies by Virji et al. (35) clearly show that the N-domain of BGP recognizes Opa proteins, although the types of Opa proteins were not specified in that report. The data presented here show that Opa Ϫ variants are also recognized, but it appears to be an interaction of a different nature than the Opa ϩ -correlated recognition. This is inferred from the finding that Opa Ϫ bacteria, although they adhere in large numbers, are rarely internalized by the HeLaBGPa transfectants, Thus, there may be at least two mechanisms of interaction between gonococci and BGP: one through Opa and one through a non-Opa-dependent mechanism.
The interaction of specific Opa variants with CEA family members resulted in a rearrangement of CEA antigens in the HeLa transfectants, as shown by our immunofluorescence experiments. Interestingly, cross-linking of CD66 antigens on neutrophils by antibodies has been shown to cause integrinmediated aggregation of PMNs (15), degranulation of secondary granules and an intracellular flux of Ca 2ϩ (14) , suggesting that CD66 antigen clustering serves as a signal for further intracellular events. Thus, the clustering we observed may also provide a signal leading to internalization of bacteria.
CEA family members are found in a wide variety of tissues (30) , some of which may be important in gonococcal pathogenesis. Expression of BGP has been extensively studied and was found in cervical and endometrial tissue (22) , which may be infected in gonorrhoeae. In exudates of patients, gonococci are often found tightly associated with PMNs (13) which correlates with the fact that BGP, NCA, and CGM1 are found on the cell surfaces of PMNs. Virji et al. (34) showed inhibition of meningococcal and gonococcal interaction with PMNs using a CD66 antibody, suggesting that in these cells, CD66 antigens play a role in recognition of gonococci by PMNs. However, other correlations between expression of CEA-like molecules and the location of the bacteria in gonorrheal disease remain speculative at this moment.
The current study shows that HeLa-Neo cells bind and internalize OpaA ϩ bacteria, consistent with previous studies using other epithelial cell lines (7, 32) . Furthermore, we showed that gonococci expressing OpaC, -F, and -H attached significantly to HeLa-Neo cells but were not internalized. Binding of OpaC and OpaH to CHO-K1 cells was reported by Chen et al. (7) , but this phenomenon is demonstrated more clearly in this study, probably due to the different method used here (microscopic screening versus plating out of associated bacteria). We also show that binding of OpaC ϩ , -F ϩ , and -H ϩ , bacteria is heparitinase sensitive and inhibitable by heparin. This strongly suggests that these Opa proteins recognize heparan sulfatecontaining proteoglycans similar to those recognized by OpaA (32) . It is striking however, that neither OpaC-, OpaF-, nor OpaH-expressing gonococci are internalized in contrast to the OpaA-mediated interaction. This might be helpful in further dissecting the molecular events that occur during uptake of gonococci by epithelial cells.
In conclusion, we have shown that CEA family members differentially recognize gonococcal Opa protein variants. In view of the heterogeneous distribution of CEA family members in human tissues, this phenomenon may contribute to the tissue tropism displayed by gonococci during infection. a For variants expressing OpaA, -C, -F, and -H, ϩ represents significant internalization of bacteria that was not inhibitable by heparin. For Opa Ϫ and Opa variants B, D, E, G, I, J, and K, ϩ represents adherence of at least five bacteria per cell. The designations for OpaE, OpaG, OpaJ, and OpaK were based on experiments performed with rOpa variants only. The other designations were made based on experiments with both naturally and rOpa variants, which exhibited similar interaction patterns.
